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CHAPTER I 
INTRODUCTION 
Control of abscission in apple trees is necessary to prevent 
premature abscission of flowers and fruit that can lead to economic 
losses due to decreased yield and poor quality fruit. These losses 
can occur during the spring (92), due either to inadequate fruit set 
resulting in low yields or due to too many setting fruit resulting 
in small apples at harvest and in the fall (25, 58), when apples abscise 
prior to harvest resulting in bruised fruit which must be sold at 
considerably lower prices for processing. 
Optimum amounts of fruit set and prevention of pre-harvest 
abscission are currently attained by application of growth regulators. 
However, there are disadvantages associated with application of these 
growth regulators to fruit trees. Carbaryl, a regulator routinely 
used for fruit thinning in the spring, has now become environmentally 
objectionable and eliminates mite predators. Other regulators such 
as NAA (Napthaleneacetic acid) and SADH (Succinic acid) can cause 
decreases in fruit size and influence fruit quality during storage and 
injury to twigs, shoots, and buds on trees (90), 
Recent reports (46, 47) have indicated that abscission may be 
regulated through application of short (fifteen minutes) night break 
red light treatments. Control of abscission by light has been virtually 
unstudied. Only five published reports (11, 17, 32, 46, 47) are 
available indicating that red light may influence abscission. Of 
2 
these only one study (47) has been conducted in the field. Before 
red light can be recommended to commercial apple growers as an ef¬ 
fective method for abscission control more studies to confirm red 
light control of abscission and to determine the mechanisms by which 
red light regulates abscission are necessary. 
CHAPTER II 
LITERATURE REVIEW 
Abscission is defined as the shedding of plant parts, including 
leaves, fruits, flowers, branches, seeds, and pollen. Depending on 
environmental and physiological conditions abscission occurs at 
various stages in the development of plants. The process of abscis¬ 
sion has many useful functions. Plants ensure continuation of their 
species by the abscission of spores, pollen, seeds and fruit contain¬ 
ing seeds. Some plants are able to survive under drought conditions 
by shedding their leaves. Removal of diseased, injured, and senescent 
plant parts which could be a drain on the plant or a port of entry for 
pathogens, aids in the survival of the plant. Abscission of weaker 
fruits provides more nutrients to the remaining fruits on the plant 
thus aiding the development of healthier fruits and seeds (54). 
The abscission process has been divided into stages by many 
researchers. Leopold (55) has outlined five stages, which include a 
differentiation of an abscission zone, a stage where tissue is sensi¬ 
tive to auxin and insensitive to ethylene, a stage during which 
tissue becomes sensitive to ethylene and the abscission zone weakens, 
a separation stage which is accompanied by changes in the cell walls, 
breaking of vascular strands, dissolving of cell walls, and weakening 
of the middle lamella in the abscission zone and a stage in which 
healing of the wound created by abscission occurs. 
3 
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Detailed studies have shown that synthesis of RNA and protein 
are necessary for abscission to occur (68). With the induction of 
abscission, levels of RNA and protein increase in the petiole cells 
adjacent to the abscission zone as the two or three rows of petiole 
cells adjacent to the abscission zone enlarge (68, 94). A report on 
Phaseolus notes increases in the concentration of rough endoplasmic 
reticulum and dictyosomes along the cell sides closest to the abscis¬ 
sion zone (78). As the cells on the petiole side of the abscission 
zone enlarge, the cells on the pulvinus side dry and shrink with the 
resulting mechanical forces causing a shearing of cells in the ab¬ 
scission zone (63). 
Changes in enzyme synthesis and activity also occur during the 
abscission process. Induction of abscission in Phaseolus vulgaris 
explants with ethylene is correlated with an increase in endo-cel1ulase 
in the abscission zone (2). An increase in acid phosphatase has been 
localized in the middle lamella, golgi bodies, endoplasmic reticulum, 
and vascular tissue in the abscission zone of Phaseolus vulgaris 
petioles (31). Increases in polygalacturonase and decreases in pectin 
methylesterase have been observed in the abscission zone just prior to 
abscission (67). Correlated with increase in pectin methylesterase 
is an increase in the methylation of pectin (84). Levels of soluble 
> 
pectins have been shown to increase in separating abscission zones (73). 
Increased peroxidase has also been noted in abscising mango fruits 
(85) and in abscission zones of Phaseolus and tobacco (31, 35). 
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Abscission in apple trees occurs three times a year. First is 
a flower abscission occurring in late spring. Second is a young fruit 
abscission occurring in late spring-early summer. Third is a pre¬ 
harvest abscission occurring in late summer-early autumn. An ab¬ 
scission zone is formed early in the development of young apple flowers 
and in "McIntosh" this consists of a constricted area along the pedicel 
at the juncture of the pedicel and the base of the flower cluster. 
In the pedicels of flowers and young fruit the tissue of the abscission 
zone is soft and largely undeveloped, consisting primarily of parenchyma 
cells. The vascular tissue is composed of procambium cells. An ab¬ 
scission layer six to eight cell layers thick is differentiated within 
the abscission zone of abscising apple flowers and young fruits. 
Separation occurs through this abscission layer. Flowers and young 
fruit which are not undergoing abscission do not differentiate an 
abscission layer (62). 
After "June drop" very few fruit abscise until pre-harvest 
abscission starts, usually in September. The abscission zone at this 
stage is considerably hardened, consisting of a central pith containing 
sclerieds and a layer of living cells two to seven cells thick. 
Surrounding the pith is the vascular cylinder, which is surrounded 
by cortical parenchyma cells, a layer of collenchyma cells, and modi¬ 
fied epidermal cells. Abscission occurs by changes in the cells 
within the abscission zone. Separation occurs within the abscission 
zone across the layer of living cells within the pith, cortical tissue, 
collenchyma and epidermis (58). 
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Reviews by Addicott (4) and Addicott and Lyons (5) point out 
that a variety of natural factors in the environment such as tem¬ 
perature, light, water, mineral elements, soil conditions, gases, and 
pathological agents are known to influence abscission through effects 
on physiological and biochemical processes. Recent reports indicate 
that light can influence abscission of flowers (11, 42) and fruit 
(46, 47), The red portion of the spectrum appears to be the most 
effective in photocontrol of the abscission process (17). The mechan¬ 
isms by which red light affects abscission are unknown, although red 
light is known to influence the biochemistry and physiology of plants 
in ways that are important in abscission. These include levels of 
carbohydrates, and nitrogenous substances (48, 51, 52, 59, 60, 61), 
rates of respiration (33, 34, 38, 48, 70, 95), synthesis and activity 
of enzymes (21, 40, 43, 44, 71, 79, 91), and levels and transport of 
hormones (12, 23, 24, 27, 39, 48, 50, 64, 82). 
High levels of carbohydrates tend to delay abscission, while low 
levels of carbohydrates tend to accelerate abscission (4). Kasper- 
bauer (57) and Klein ^ (52) observed that red light causes 
a decrease of sugars and starch in plants. Mitrakos ^ al_. (59, 60) 
noted that red light caused a decrease in glucose and fructose in 
etiolated corn leaves and that this decrease was correlated with an 
increase in the metabolism of glucose to other cell constituents. 
High levels of nitrogenous substances tend to delay abscission 
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while low levels of nitrogenous compounds tend to accelerate abscission 
(4). Red light has been shown to increase the metabolism of amino 
acids in corn, pea, and cowpea seedlings (61). Kasperbauer ^ (5) 
observed that tobacco plants grown under eight hour days and subsequent¬ 
ly irradiated with red light contained significantly less amino acids 
than those plants treated with far-red light. 
A climacteric increase in respiration has been associated with ab¬ 
scission (4). Respiration is also influenced by light. One short ex¬ 
posure to red light has been reported to increase respiration in moss 
callus tissue (34), mung bean roots (95), bean hypocotyl tissue (48), 
lettuce seeds (70), and oat seedlings (33). Conversely a report by Hunter 
^ (38) indicates that respiration decreases in red light treated 
pea seedlings. 
Regulation of abscission is probably directly controlled by enzymes 
and hormones affecting metabolic reactions. Red light is known to regu¬ 
late the synthesis and activity of enzymes. There are many reviews on the 
subject (5, 77, 96). An important way in which red light may control ab¬ 
scission is through the enzyme indoleacetic acid oxidase, which degrades 
indoleacetic acid. Engelsma (21) reported that red light could decrease 
levels of indoleacetic acid oxidase in gherkin seedlings. Peroxidase, 
an enzyme which is thought to play a role in abscission (31, 35, 85) is 
also under red light control. Red light has been shown to reverse far- 
red induced increases in the pelletable activity of peroxidase (71). Con¬ 
versely, Sharma (79) noted that red light increased peroxidase activity 
in leaves. Red light control of nitrate reductase may indirectly influenc 
abscission through regulation of the synthesis of nitrogenous compounds 
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including amino acids from which indoleacetic acid and ethylene are 
derived. Red light irradiation increases nitrate reductase activity 
in etiolated peas (43, 44), cotyledons of Sinapsis alba (40), and 
cauliflower curds (91). Jones and Sheard (44) observed a red light 
mediated increase in nitrate content along with an increase in 
nitrate reductase activity. 
Plant hormones are known to influence abscission (1, 7, 13, 
15, 16, 19, 25, 26, 63, 66) and have also been shown to be under red 
light control (4, 8, 12, 22, 23, 24, 27, 36, 48, 50, 53, 64, 72, 
74, 75, 82, 86) therefore photocontrol of abscission could be expressed 
through photocontrol of hormone levels or transport. Much of the 
research involving photocontrol of hormones has been directed towards 
the effect of red light on gibberellin during seed germination (89). 
Work on other plant systems has shown that red light can control the 
level and distribution of indoleacetic acid (12, 23, 82). Auxin 
transport in rice coleoptiles (24) and oat coleoptiles (64) has been 
reduced by red light treatment. Rubenstein (76) observed that 
TIBA (2, 3, 5- triiodobenzoic acid), an auxin transport inhibitor, 
prevented red light stimulated hypocotyl hook opening, suggesting 
that red light was acting through auxin. 
High levels of ethylene are known to accelerate abscission 
(15, 28) and light may be regulating abscission in apples by controlling 
the level of ethylene. Red light irradiation has been shown to decrease 
ethylene production in etiolated pea seedlings (27), rice seedlings 
(39), bean hypocotyl hooks (48) and etiolated cabbage seedlings (50). 
CHAPTER III 
MATERIALS AND METHODS 
Studies on the Effect of Red Light on Fruit Set 
Plant material. Photocontrol of fruit set was studied using product¬ 
ive 17 year old "Richared Delicious" (Maius domestica Borkh) apple 
trees maintained through an annual fertilizing, pruning, and pest 
spraying program and growing at the Horticultural Research Center in 
Belchertown, Massachusetts. Trees were approximately 7 m tall and 
spaced 6 m apart on center within the row and 9 m from row to row. 
To prevent controls from receiving light spilling over from lighted 
branches, trees were selected for treatment from two alternate rows 
(row C and row E) from a block of similar "Richared Delicious" apple 
trees. 
Design. Five treatments, one per tree, were assigned according to a 
Randomized Block Design, with four replicates of each treatment. Data 
were collected from a minimum of tvyo branches per treated tree. Loca¬ 
tion of specific treatments within the group of trees is illustrated 
in Figure 1, 
> 
Treatments. Light treatments used to study fruit set were provided by 
one of two sources. One set of trees was treated with light from 1.22 
m long experimental fluorescent tubes (GTE-3176-^3) (30) which have 
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a high emission of light in the red wavelengths. Individual tubes 
were covered with three layers of acetate film, a Cinemoid orange 
#5, a Cinemoid primary red #6, and a weatherable transparent to 
provide only red light with a peak at 660 nm and a bandwidth of 30 nm. 
The tubes were encased in weatherproof fixtures (1.34 m X 0.20 m) with 
aluminum reflectors (1.64 m X 0.45 m) attached to direct the light 
onto the treatment branches, and mounted horizontally on steel posts. 
Horizontal branches, two per tree, approximately 1.22 m above the 
ground and containing a minimum of thirty flower clusters were se¬ 
lected for light treatment. Fixtures were mounted within 0.91 m of 
each treated branch with a light fixture on each side of the branch 
(Figure 2). To account for any shading, the impeding of pollination 
by bees, or any other effects caused by the proximity of fluorescent 
fixtures and shields to the treated branches, simulated lights con¬ 
sisting of boards (1.22 m X 6.16 cm) with aluminum reflectors attached 
were mounted around two branches of four separate trees to act as 
controls (Figure 3). 
The second set of trees were treated with red light from experi¬ 
mental 400 watt high intensity discharge bulbs (GTE series 1) (30). 
Light from the bulbs was filtered through Cinemoid primary red #6 
acetate film to emit red light with a peak at 670 nm and a band 
width of 60 nm. High intensity discharge bulbs were encased in 
weatherproof fixtures (0.5 m X 0.3 m) and mounted adjacent to the 
trees on 9.14 m high telephone poles (Figure 4). Light from the high 
12 
Figure 2. Fluorescent fixtures during the day (above) and 
during night break red light treatment (below). 
13 
Figure 3. Simulated lights and reflectors as controls for 
fluorescent light treated branches. 
14 
Figure 4. High intensity discharge fixtures during the day 
(above) and during night break red light treatment 
(below). 
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intensity discharge bulbs was used to illuminate an entire tree (center 
tree) directly below the light and two trees on either side of the 
center tree (side trees). The center tree was used for high light 
intensity treatment (200 uW/cm ^/s ^) and the side trees for low inten- 
sity (10 uW/cm /s ) light treatments. Horizontal branches which had 
a minimum of thirty flower clusters and were relatively unshaded from 
above were selected for measurement of the effects of red light from 
high intensity discharge bulbs on fruit set. A set of unlighted trees 
acted as controls for comparisons with the high intensity discharge 
lighted branches. A minimum of two branches were selected per control 
tree using the same criteria as used in selecting the high intensity 
discharge light treated branches. 
Light treatments for both sets of trees began at full bloom 
and continued until the end of "June drop" (July 3, 1979). Treatment 
was nightly, beginning at midnight for a period of fifteen minutes. 
Data collection. The effect of red light on fruit set was determined 
by counting the number of blossom clusters and fruit on treated and 
control branches at full bloom and weekly thereafter until the conclu¬ 
sion of the experiment. 
Analysis of data. Statistical analysis of variance of the number of 
fruit per 100 blossom clusters and fruit per cm limb circumference 
was conducted using a split plot in time design and means separated 
using Duncans' multiple range test (5% level) to determine if red 
light had any significant effect on fruit set. 
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Studies on the Effect of Red Light on Pre-harvest Abscission 
Plant material. Pre-harvest fruit abscission was studied using 9 
year old dwarf "McIntosh" (Maius domestica Borkh.) apple trees on M 
rootstock growing on a trellis at the Horticultural Research Center 
in Belchertown, Massachusetts. The trees were in a productive state 
maintained through an annual fertilizing, pruning, and pest control 
program. The trees were approximately 3.5 m tall and spaced 5 m apart 
on center. 
Design. Treatments were assigned according to a Randomized Block 
Design. For each treatment all the apples on the tree were used to 
study pre-harvest abscission with one tree receiving one treatment and 
five replicates per treatment. 
Treatments. The light source for studying pre-harvest abscission was 
provided by the same kind of fluorescent tubes, light filters, and fix¬ 
tures used in studying the effect of red light on fruit set. Two of 
the fixtures were mounted vertically 3.66 m from the trunk, one on each 
side of the tree (Figure 5). Unlighted trees were used as controls. 
Light treatments were initiated on August 18, 1979 before harvest 
abscission had begun. Lighting was nightly, at solar midnight (mid¬ 
dle of night period) for fifteen minutes and continued through October 22, 
1979. 
17 
Figure 5. Fluorescent fixtures used in studying pre-harvest 
abscission; close up (above) and in relation to 
the treatment trees (below). 
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Data collection. The effect of red light on pre-harvest apple ab¬ 
scission was determined by counting the number of dropped apples under 
each of the lighted and control trees on Monday, Wednesday, and Friday 
of each week. 
Analysis of data. Statistical analysis of the rate of apple abscis¬ 
sion from red light treated and control trees was conducted using a 
split plot in time design. 
Studies on the Method by which Red Light Controls Fruit Set 
t 
Involvement of ethylene. 
Plant material. Selected samples of blossom clusters and set¬ 
ting fruit were chosen from the treated branches previously described 
in reference to the studies on the effect of red light on fruit set and 
used in these studies. 
Design and treatments. The design and treatments were the same 
as those used in the studies on the effect of red light on fruit set. 
Data collection. Randomly selected samples, four per treatment 
replicate, of blossom clusters and setting fruit from treated branches 
were collected twice weekly and placed in airtight containers (125 ml 
erlenmeyer flasks for blossom clusters and 490 ml canning jars for 
young fruit) for four hours to accumulate evolved ethylene. Ethylene 
produced was quantitatively analyzed using a gas chromatograph (Pack¬ 
ard model 417) equipped with a flame ionization detector. 
Analysis of data. Statistical analysis of ethylene production 
19 
was conducted using a two way analysis of variance. Means were 
separated using Duncans' multiple range test at the 5% level. 
Involvement of fertilization and seed development. 
Plant material. Mature "Richared Delicious" apple fruit, 30 
per treatment replicate, were collected on September 29, 1979 from the 
treatment branches used in studying the effect of red light on fruit set 
Design and treatments. The design and treatments were the same 
as those used for the studies on the effect of red light on fruit set. 
Data collection. Mature apples, 30 per treatment replicate, 
were cut open perpendicular to the longitudinal axis and the number of 
healthy seeds counted. 
Analysis of data. Statistical analysis of seed number was con¬ 
ducted using a two way analysis of variance. Means were separated 
using Duncans' multiple range test at the 5% level. 
Studies on the Effect of Red Light on Fruit Size and Fruit Quality 
Plant material. The plant material was the same as that used in deter¬ 
mining the number of seeds per fruit. 
Design and treatments. The design and treatments were the same as 
those used for studies on the effect of red light on fruit set. 
> 
Data collection. Fruit size was determined by weighing thirty apples. 
Fruit quality was determined by measuring soluble solids, flesh firmness 
and the ratio of the length to the diameter of the apples. The soluble 
20 
solids were measured with a hand refractometer (American Optical model 
10431) using the combined juice from five apples, with two determinations 
per treatment replicate. The flesh firmness was determined on both the 
red and green side of ten apples per treatment replicate with a 
Magness-Taylor (US) pressure tester. The length to diameter ratios 
were determined from a collective measurement of fifteen apples with 
two measurements per treatment replicate. 
Analysis of data. Statistical analysis of fruit weight, soluble 
solids, length to diameter ratios, and fruit firmness were conducted 
using a two way analysis of variance. Means were separated using 
Duncans' multiple range test at the 5% level. 
Studies on the Methods by which Red Light Controls Pre-harvest Abscission 
Site of light perception. 
Plant material. Selected apples growing at the terminal ends 
of stems of two of the lighted and two of the unlighted "McIntosh" 
trees previously discussed in regard to the studies on the effect of 
red light on pre-harvest abscission were used for this experiment. 
Design and treatments. Of the test apples on the lighted trees, 
eight on each tree were prevented from receiving light by wrapping 
individual apples in aluminum foil on September 9, 1979. The remaining 
> 
eight apples received light, however phloem transport was interrupted 
by girdling the stem five cm from the apple fruit on September 9, 1979. 
Any leaves between the girdle and the apple were removed. Unlighted 
21 
trees were treated similarly to lighted. 
Data collection. The number of girdled apples and aluminum 
foil wrapped apples which were lying on the ground under the lighted 
and unlighted trees were counted once a day, six days a week. 
Analysis of data. Statistical analysis of the rate of apple 
abscission of the treated apples was conducted using a split plot in 
time design. Means were separated using Duncans' multiple range test 
at the 5% level. 
Phytochrome involvement. 
Plant materials. Dwarf "McIntosh" (Malus domestica Borkh.) 
apple trees on M9 rootstock growing on the same trellis as previously 
discussed in regard to studies on the effect of red light on pre-harvest 
abscission were used. 
Design. Due to a shortage of plant material a total of seven 
trees were used for this experiment. Of these trees, five received 
red light treatment and were the same trees as those used in the study 
on the effect of red light on pre-harvest abscission. One of the two 
remaining trees received forty-five minutes of far-red light 
(300 uW/cm" /s ) and the other tree received fifteen minutes of red 
light (10 uW/cm'^/s"b followed by forty-five minutes of far-red light 
(300 uW/cm" /s" ). To prevent irradiation with far-red light of the 
other trees the first and third trees on the trellis were selected to 
> 
receive far-red and red-far-red light treatment. All the apples on 
the trees were used to study phytochrome involvement in red light 
controlled pre-harvest abscission. 
22 
Treatments. Red light was provided according to the same pro¬ 
cedures as those used in studies on the effect of r^d_JLi.gM.._Q,r)_pjce=- 
harvest abscission. For far-red light treatment three 25 watt incan¬ 
descent bulbs were attached in a line along the longitudinal central 
axis of a tubeless 1.22 rn fluorescent fixture with reflectors attached. 
A sheet of Rohm and Hass Plexiglas § 2025 was fitted to the fixture 
and incandescent light filtered through it to provide far-red light. 
-2 -1 
To provide high intensity far-red light (300 uW/cm” /s~ ) and to avoid 
shading the tree from sunlight and/or red night light, the fixtures 
providing far-red light were mounted vertically on steel posts 1 m 
from the tree trunk and to the north side of the tree (Figure 6). One 
fixture was placed on each side of the tree. All light treatments 
started on August 18, 1979 and continued until October 22, 1979. 
Red light illumination began at solar midnight and continued for fifteen 
minutes. To avoid a dark period between the red and far-red light 
treatment the far-red light treatment started thirteen minutes after 
the start of the red light treatment and continued for forty-five 
minutes, for a combined total of fifty-eight minutes of light. 
Data collection. The number of abscised apples lying under 
the red light, far-red light, and red plus far-red light treated trees 
> 
were counted on Monday, Wednesday, and Friday of each week. 
Involvement of auxin and ethylene. 
Plant material. Dwarf "McIntosh" (Malus domestica Borkh.) apple 
trees on M9 rootstock growing on the same trellis as those used for the 
23 
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studies on the effect of red light on pre-harvest abscission were 
used. 
Design. Trees were selected according to a Randomized Block 
Design. All the apples on the tree were used to study the possible 
involvement of auxin and ethylene in photocontrol of harvest abscission 
with one tree receiving one treatment and five replicates per treat¬ 
ment . 
Treatments. The red light was provided according to the same 
procedure described for the studies on the effect of red light on 
pre-harvest abscission. Ten trees were treated with 10 ppm NAA (nap- 
thalene acetic acid) applied as a foliar spray on September 5, 1979 and 
on September 15, 1979. In addition, one half of these trees were ex¬ 
posed to fifteen minutes of night break red light treatment. Another 
ten trees were treated with 50 ppm Ethephon (2 chloro-ethyl phosphonic 
acid) applied as a foliar spray on August 31, 1979. In addition, 
one half of these trees were exposed to fifteen minutes of night break 
red light. 
Data collection. The number of abscised apples lying under the 
treated trees were counted on Monday, Wednesday, and Friday of each 
week. Endogenous levels of ethylene from apple fruit were sampled 
by sealing 2 cm long glass tubes to the calyx end of the fruit with a 
small amount of Dow Corning 3110 RTV>silicon rubber (catalyst Dow 
Corning RTV F). The distal end of the tubes were sealed with rubber 
serum caps and on Monday, Wednesday, and Friday of each week gas samples. 
25 
0.5 cc in volume were withdrawn from the tubes with 3 cc disposable 
hypodermic syringes and 0.5 inch needles (Figure 7). The needles 
were subsequently inserted into rubber stoppers to prevent gas leakage 
until analysis for ethylene by gas chromatography could be performed. 
Analysis of data. Statistical analysis of variance of the rate 
of apple abscission and rate of initiation of climacteric ethylene 
production were conducted using a split plot in time design. Means 
were separated using Duncans' multiple range test at the 5% level. 
26 
Figure 7. Ethylene sampling in apple fruit. 
CHAPTER IV 
RESULTS 
Treatment with night break red light had no significant effect 
on fruit set (Figure 8). The number of fruit per 100 blossom clusters 
declined equally over time for both control and lighted branches. In 
addition, neither light source or intensity significantly affected 
fruit set. Similarly, ethylene production from sampled blossoms and 
young fruit was not significantly altered by treatment with red light 
(Table 1). For both red light treated and controls ethylene produc¬ 
tion (on a fresh weight basis) was highest in blossom tissue and de¬ 
creased as the fruit increased in size. The number of seeds per fruit 
was not significantly affected by red light treatment (Table 2). 
Mean seed number per fruit ranged from 4.4 from fluorescent light 
-2 -1 
treated apples to 5.7 from high intensity discharge light (200 uW/cm /s ) 
treated apples. 
Night break red light treatment did not appear to affect fruit 
size. Fresh weight of apples harvested on September 29 was the same 
from both control and light treated branches (Table 3). The quality 
of fruit as indicated by soluble solids, length to diameter ratios, and 
firmness was not affected by treatment with red light (Table 4). 
Soluble solids averaged 12.4% over all treatments. Length to diameter 
ratios ranged from 0.88 to 0.90 and firmness measurements averaged from 
14.9 pounds per square inch to 15.4 pounds per square inch. 
27 
28 
Figure 8. Effect of red light on fruit set of 
"Richared Delicious" apples. Data were analyzed using the num¬ 
ber of fruit per 100 blossom clusters and a split plot in time 
design. There were no significant differences in fruit set 
between any of the treatments. 
'^Control with reflectors. 
^Light provided by fluorescent bulbs. 
■^Control without reflectors. 
^Light provided by HID bulbs. 
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lable 1. Effect of Red Light on Ethylene Production from Blossom 
Clusters and Young Fruit. 
Sampling Date 
(Week Ending) 
Ethylene production (! gfw"^.hr”^) 
0 
Light Level 
10 uW/cm'^/s’^ ^ 200 uW/cnr^/s~^ 
5/9 6.50 a ^ 5.73 a 5.95 a 
5/11 9.48 a 9.63 a 8.59 a 
5/14 13.55 a 12.03 a 14.11 a 
5/18 8.14 a 5.72 a 8.40 a 
5/23 5.58 a 11.60 a 10.89 a 
5/30 1.15 a 1.31 a 1.37 a 
6/6 1.33 a 0.88 a 1.00 a 
6/13 0.21 a 0.16 a 0.26 a 
6/21 0.16 a 0.17 a 0.17 a 
6/27 0.09 a 0.12 a 0.18 a 
^Light provided by fluorescent bulbs. 
•^Light provided by HID bulbs. 
^Values followed by like letters within a row are not significantly 
different from one another at the 5% level. 
31 
Table 2. Effect of Red Light on Seed Number of "Richared Delicious" 
Apples. 
Light Level Seed Number 
0 
10uW/cm~^.s~^ 
200uW/cm"^.s‘^ ^ 
10uW/cm~^.s~^ ^ 
5.4 a^ 
4.4 a 
5.7 a 
5.1 a 
5.2 a 
'^Control with reflectors. 
'^Light provided by fluorescent bulbs. 
^Light provided by HID bulbs. 
•^Control without reflectors. 
^Values followed by the same letters are not significantly different 
at the 5% level. 
32 
Table 3. Effect of Red Light on Fruit Size of "Richared Delicious" 
Apples. 
Light Level Weight Per Apple (qms) 
0 V 180.25 a^ 
10uW/cm"^.s"^ w 174.39 a 
200uW/cm"^.s'^ X 179.92 a 
lOuW/cm'^.s"^ X 175.39 a 
0 y 165.54 a 
'^Controls with reflectors. 
'^Light provided by fluorescent fixtures. 
^Light provided by HID fixtures. 
■^Controls without reflectors. 
^Values followed by the same letters are not significantly 
different at the 5% level. 
33 
Table 4. Effect of Red Light on Fruit Quality of "Richared Delicious" 
Apples. 
Light Levels 
Soluble 
(%) 
Sol ids Length/Diameter 
(ratio) 
Firmness 
kg/cm^ 
0 V 12.3 z a 0.88 a 1.07 a 
10uW/cm~^.s~^ w 12.4 a 0.90 a 1.05 a 
200uW/cm~^.s~^ 
X 12.4 a 0.89 a 1.07 a 
10uW/cm"^.s"^ 
X 12.4 a ' 0.90 a 1.08 a 
0 y 12.5 a 0.90 a 1.05 a 
'^Controls with reflectors. 
'^Light provided by fluorescent fixtures. 
^Light provided by HID fixtures. 
^Controls without reflectors. 
^Values followed by the same letters are not significantly 
different at the 5% level. 
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Night break red light treatment significantly decreased pre¬ 
harvest abscission of dwarf "McIntosh" apples (Table 5). At the end 
of the experiment 91.7% and 83.2% of the apples had abscised from 
control and red light treated trees respectively. Throughout the 
experiment the cumulative rate of abscission was significantly greater 
from control trees than from red light treated trees. 
The reception site of night break red light did not appear to 
be located in the fruit, but rather in some other part of the tree. 
Red light treatment had no significant effect on rate of abscission of 
girdled apples (Figure 9). Treatment with night break red light sig¬ 
nificantly decreased the rate of abscission of wrapped apples compared 
to unlighted wrapped apples. 
Phytochrome appears to be involved in red light control of pre¬ 
harvest abscission. Both far-red light treatment and red plus far- 
red light treatment accelerated the rate of apple abscission (Table 6). 
Initially far-red light treated apples abscised at a faster rate than 
red plus far-red light treated apples but by September 15, 1979 red 
plus far-red light treated apples had the greatest cumulative rate of 
abscission and then by October 3, 1979 the rate of abscission had become 
almost equal for both far-red and red plus far-red light treated apples. 
Night break red light treatment significantly decreased rate of 
apple abscission in NAA treated trees (treated September 5 and Septem¬ 
ber 15) and rate of apple abscission was significantly reduced in NAA 
> 
treated trees as compared to control trees (Table 7). At the end of 
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Figure 9. Cumulative rate of abcission of "McIntosh" apples. 
Data were analyzed over time using the percentage of apples abscised 
per week and a split plot in time design. Analysis indicates that 
1) rate of abscission of control, girdled, and wrapped apples was 
not significantly different from one another; 2) rate of abscission 
of red light treated, red light treated plus girdled, and red light 
treated plus wrapped apples was not significantly different from one 
another, and 3) rate of abscission of apples listed in 1) was 
significantly different from rate of apple abscission listed in 2). 
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the experiment 99.8% of the apples had abscised from control trees, 
83.8% abscised from NAA treated trees, and 68.1% abscised from trees 
treated with NAA plus red light. Throughout the experimental period 
the cumulative rate of apple abscission was greatest from the control 
trees and lowest from the trees treated with NAA plus red light. 
Treatment with night break red light had no significant effect 
on pre-harvest abscission of Ethephon treated trees (Table 8). 
Ethephon, applied on August 31, accelerated the rate of apple ab¬ 
scission and by September 21, 1979 85.8% and 84.2% of the apples had 
abscised from the trees treated with Ethephon and red light plus 
Ethephon respectively. As of September 21, 1979 significantly fewer 
(38.6%) of the apples had abscised from control trees. 
Red light did not significantly alter the onset of climacteric 
ethylene production (Table 9). By September 24, 1979 82.7% of the 
monitored apples growing on control trees and 81.0% of the monitored 
apples growing on red light treated trees had initiated climacteric 
ethylene production. There was no significant effect of red light on 
the initiation of climacteric ethylene production by monitored apples 
growing on trees treated with Ethephon and NAA (Table 10 and 11). 
Ninety-nine percent of the monitored Ethephon treated apples had 
initiated climacteric ethylene production by September 17, 1979 while 
significantly fewer (65.3%) of the monitored control apples had begun 
> 
climacteric ethylene production. Rate of initiation of climacteric 
ethylene production was not significantly different between controls and 
NAA treated apples. By September 26, 1979 initiation of climacteric 
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ethylene production had occurred in 75.1%, 86.1%, and 73.4% of the 
monitored apples growing on control, NAA treated, and red light plus 
NAA treated trees respectively. 
CHAPTER V 
DISCUSSION 
Research from these studies indicated that treatment with night 
break red light did not affect fruit set. These results differ from 
those of Greene et (29) where treatment with night break red light 
increased fruit set. This apparent conflict in results can perhaps 
be explained in part by differences in weather conditions, particularly 
rainfall and temperature, during the period in which fruit set occurs. 
Abscission is more severe when plants are stressed by high temperatures 
(57) and/or drought (19^ 63). addition, fruit trees often have a 
biennial cycle of fruit bearing (92) which can influence fruit set by 
causing extremely high or low fruit loads on the tree. At the end of 
the 1978 study by Greene ^ (29) there were 15.0 fruit per 100 
blossom clusters on control branches and 71.0 fruit per 100 blossom 
clusters on red light treated branches. In the studies reported here 
there were 63.8 and 68.3 fruit per 100 blossom clusters remaining on 
control and red light treated branches respectively at the end of the 
experiment. It may be that weather conditions were such that fruit 
were not disposed towards abscission in 1979. However, one can't dis¬ 
miss the possibility that the increase in fruit set on red light 
treated branches observed in 1978 by Greene e^ ^., although statis¬ 
tically significant, could have been coincidence. Further studies 
are necessary to clarify the results of the 1978 and 1979 studies. 
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Treatment with red light did not significantly affect ethylene 
production of blossom clusters and young fruit. This contradicts 
reports where red light decreased ethylene production in peas (27), 
rice (39), bean (48) and cabbage seedlings (50). Whether there is a 
correlation between ethylene production, red light, and abscission of 
young fruit is still unclear since no effect of red light on abscission 
was observed. 
Red light treatment did not significantly affect the number of 
seeds in "Richared Delicious" apple fruit. Delayed abscission has 
been correlated with seed content in apple fruits (90) and seeds are 
known to contain high gibberellin and cytokinin levels which can in¬ 
crease fruit set (93 ). Red light could have acted to increase fruit 
set in 1978 by increasing gibberellin or cytokinin levels. However, 
since there were no differences in abscission in 1979, it is impossible 
to determine if there is a correlation between red light treatment, 
abscission, and seed content. 
Red light had no effect on fruit quality or size. Soluble 
solids, firmness, length to diameter ratios and fresh weight in 
samples of apples were the same from both control and red light treated 
branches. This data is consistent with the findings of Greene et al. 
(29). 
Red light treatment delayed harvest abscission in "McIntosh" 
apple trees. This agrees with the data from other studies on pre- 
> 
harvest abscission, where night break treatment with red light reduced 
abscission (45). The effectiveness of red light in delaying abscission 
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however, was less in the 1979 experiment than in previous experiments. 
Red light delayed abscission by as much as 30% and 20% during 1977 and 
1978 respectively (45) whereas only a 9% delay of abscission was ob¬ 
served in 1979. Although no good explanation is available for the 
differences in results from year to year a high incidence of drop of 
immature fruit was noted during 1979. This was attributed to fruit 
being pushed off the tree in a mechanical or non-physiological manner 
by other fruit growing on the same spur and therefore drop of immature 
fruit could mask the effect of red light on physiological abscission. 
In addition, fruit load on the dwarf "McIntosh" trees was light in 1979 
and therefore the apples were less disposed to abscise than if the 
fruit load had been heavy. 
The site of red light reception necessary for delay of abscis¬ 
sion does not appear to be located in the fruit. Preventing fruit 
growing on control trees from receiving light, (by wrapping apples 
in aluminum foil) greatly accelerated abscission as compared with fruit 
not receiving light and growing on red light treated trees. Converse¬ 
ly, abscission of girdled fruit growing on control and red light treated 
trees were the same, suggesting that red light controls fruit abscis¬ 
sion by influencing some translocatable substance. However, compari¬ 
sons of abscission of the girdled and non-lighted apples indicated that 
girdling and wrapping apples accelerated abscission and this must be 
> 
considered in drawing conclusions from this data as the response of the 
girdled and wrapped apples may not be reflective of an apple in nature. 
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Responses of plants to changes in photoperiod or to night break 
lighting are thought to be mediated by phytochrome (87). Induction- 
reversion phytochrome responses are characteristically induced by ex¬ 
posure to low level, short duration, red or far-red light. The 
generally accepted criteria for an induction-reversion phytochrome 
response is one which is reversible by treatment with either red or 
far-red light depending on which wavelength of light elicits the 
response. The studies reported here on phytochrome involvement in red 
light controlled apple abscission suggested that far-red light treat¬ 
ment accelerates the rate of abscission over controls and that red 
light treatment is far-red reversible. However, statistical analysis 
was not possible due to a lack of replicates and therefore no firm 
conclusions can be drawn from this data on phytochrome involvement in 
red light controlled apple abscission. 
Work by other researchers has also failed to confirm phytochrome 
involvement in red light controlled abscission. Curtis (17) concluded 
that the aging process leading to abscission was red- far-red reversible, 
however, data from a subsequent experiment of his (18) do not support 
red-far-red reversibility of abscission. In a report on the effect 
of red light on abscission of bean petioles, Hall and Liverman (32) 
could not confirm phytochrome involvement. 
The influence of red light on physiological and biochemical 
plant processes may offer a mechanism whereby red light can control 
abscission. Hormonal control of harvest apple abscission is thought 
to be effected mainly through regulation of auxin and ethylene. 
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Application of auxin has been demonstrated to be an effective method 
of preventing harvest abscission in apples (25, 26, 37, 65, 69, 80). 
In addition, endogenous levels of auxin are known to decrease as a 
plant ages (9). Blanpied (10) noted that prior to pre-harvest ab¬ 
scission, apples first initiate climacteric ethylene production in the 
apple fruit and a few days later high ethylene levels are found in the 
pedicel and in the abscission zone. Other workers (7) have observed 
a decrease in ethylene production and harvest abscission when apple 
trees are treated with AVG (aminoethoxyvinylglycine hydrochloride), 
an ethylene biosynthesis inhibitor. 
Since red light does delay abscission of harvestable apples and 
is known to influence ethylene levels, auxin level, and auxin trans¬ 
port in plants, the observed decrease in apple abscission could be 
mediated by control of ethylene levels, auxin levels, or auxin trans¬ 
port. 
However, these studies showed that treatment with red light plus 
auxin was more effective in preventing abscission than auxin treatments 
alone. This indicated that red light did not_4BieYerrtrn3trs«4«i^^ 
Although this conclusion requires the * 
assumption that the manufacturers recommended dose (10 ppm) of NAA 
is optimal for abscission, such an assumption appears valid as Gardner 
et al. (26) have observed that rates of NAA greater than 10 ppm to be 
ineffective in further reducing abscission andMndeed to be harmful 
to the plant. In addition, other workers at many locations in the United 
States have found 10 ppm NAA to be effective in delaying apple 
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abscission (25, 26, 37, 65, 69, 80). 
Results from treatment of trees with Ethephon and Ethephon plus 
red light support a role for ethylene in photocontrol led abscission. 
Once ethylene is supplied to the apples, in the form of Ethephon, red 
light is no longer effective in delaying abscission. This suggests that 
red light is acting to prevent abscission by delaying climacteric 
ethylene production. However, there was no significant difference in 
rate of initiation of climacteric ethylene production between red light 
treated apples and controls. However, great variation in timing of 
initiation of climacteric ethylene production in apples was observed 
in these studies and in studies by Walsh (88 ). This may preclude firm 
conclusions on the effect of red light on imitation of climacteric 
ethylene production, and therefore the question of whether red light 
acts to prevent abscission by delaying climacteric ethylene production 
remains open. 
On the other hand, it may be that ethylene is not involved in 
red light control of abscission but that the exogenous ethylene ap¬ 
plied is overwhelming some other system which is preventing abscission 
via red light. 
Auxin and ethylene are not the only hormones known to be in¬ 
volved in abscission. Cytokinin, (13) abscisic acid (4), and gibberellic 
acid (13) involvement in abscission have been reported. 
One report (13) indicates that kinetin can delay abscission in 
bean explants, probably through delaying senescence. In addition. 
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cytokinin levels have been shown to increase in seeds (86) and leaves 
(36) with red light treatment. Perhaps red light is controlling ab¬ 
scission through regulation of cytokinin levels. 
Abscisic acid could be involved in photocontrol of abscission, 
however the evidence supporting abscisic acid mediated photocontrol of 
abscission is scant and contradictory. Red light regulation of 
abscisic acid has not been well documented. Although, recent reports 
indicate that red light can influence abscisic acid levels (4, 20, 81). 
The evidence for participation of abscisic acid in fruit abscission 
is contradictory. Dorffling (20) noted that as tomato fruits ripen 
levels of abscisic acid decrease and Subhadrabandhu (81) reports that 
abscisic acid is not correlated with abscission in Phaseolus. Converse¬ 
ly, Addicott and Davis (4) observed increasing levels of abscisic 
acid in cotton during "June drop" and dehiscence. Further study is 
necessary before the role of abscisic acid in photocontrol of abscis¬ 
sion can be determined. 
Red light control of gibberellic acid levels has been widely 
observed (8, 14, 22, 53, 72, 74, 81) however, photocontrol of abscission 
by regulation of gibberellic acid levels is unlikely as all reports 
indicate that red light increases gibberellic acid levels and increased 
levels of gibberellic acid have been shown to increase abscission (13). 
Besides hormones, red light could be controlling abscission 
through regulation of synthesis and activity of enzymes involved in 
abscission. Red light is known to regulate synthesis and activity of 
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many enzymes including indoleacetic acid oxidase (21), an enzyme known 
to inactivate indoleacetic acid. It seems unlikely that red light is 
controlling abscission by regulation of indoleacetic acid oxidase 
as the studies reported here indicate that auxin is not involved in 
red light controlled abscission. Possibly red light is acting on 
peroxidase synthesis or activity. Increased peroxidase levels and 
activity have been associated with abscission (31, 35, 85) and have 
been demonstrated to be under red light control (71, 79). Red light 
control of other enzymes involved in abscission including cellulases 
and pectinases (2, 67) have not yet been studied. These too could be 
under red light control and offer a mechanism whereby red light controls 
abscission. 
Other ways by which red light could be controlling abscission 
include regulating levels of nitrogenous substances and carbohydrates 
and rates of respiration (4). These are thought to be unlikely as 
changes in rates of respiration and levels of nitrogenous substances 
and carbohydrates are not specific events and therefore do not V^end 
themselves to regulatory control. 
CHAPTER VI 
CONCLUSIONS 
Studies on fruit set indicated that treatment with night break 
red light did not influence abscission of young fruit. These results 
differ from those of Greene ^ (29) where red light did prevent 
abscission of young fruit. These different results could be due to 
differences in weather conditions during the period of fruit set from 
year to year. 
Studies on pre-harvest abscission indicated that red light could 
control abscission of mature fruit. These results are consistent 
with the findings of Kadkade et al. (45) where 
break red light decreased abscission of mature apple abscission by 
as much as 30% and 20%. 
The site of red light reception within the tree necessary for 
control of harvest abscission remains unclear. The data indicated 
that fruit was not the photoreceptor and that photocontrol of abscis¬ 
sion was regulated through a translocatable substance from another 
part of the tree. These results must be viewed cautiously however, 
as the girdling and wrapping treatments applied to determine the site 
of photoreception accelerated abscission and therefore the physiology 
of these girdled and wrapped apples may not be the same as apples which 
had not been girdled or wrapped. 
Phytochrome appeared to be involved inured light control of 
abscission since red light treatment was far-red reversible. However, 
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repeated studies will be necessary utilizing a larger number of re¬ 
plicates before definitive conclusions can be made. 
These studies did not clearly define a role for either auxin 
or ethylene in photocontrol of abscission. The data from these studies 
reported here indicated that auxin is not involved in red light controlled 
abscission. However, auxin cannot be completely ruled out since satura¬ 
ting doses of NAA were not determined experimentally during night 
break red light experiments and exogenous supplies of auxin may not 
be able to fully substitute for endogenous auxin. Further studies 
where optimum NAA levels are experimentally determined and studies 
where auxin transport is blocked by TIBA (2, 3, 5-triiodobenzoic acid) 
are necessary to conclusively determine if red light acts to control 
abscission by regulation of auxin. 
The role of ethylene in red light control of abscission remains 
unclear. The ineffectiveness of red light in delaying abscission of 
apples once ethylene is applied exogenously as Ethephon suggests that 
regulation of ethylene by red light may be a mechanism of controlling 
abscission. However red light has not been demonstrated to have a 
significant effect on initiation of climacteric ethylene production. 
It is also possible that red light control of abscission is not media-, 
ted by ethylene and that exogenous ethylene is simply overwhelming 
any method by which red light is preventing abscission. 
BIBLIOGRAPHY 
1. Abeles, F. B. and B. Rubenstein. 1964. Regulation of ethylene 
evolution and leaf abscission by auxin. Plant Physiol. 39: 
963-969. 
2. Abeles, F. B., G. R. Leather, L. E. Forrence, and L. E. Craker. 
1971. Abscission: regulation of senescence, protein synthesis 
and enzyme secretion by ethylene. Hort. Science 6: 371-376. 
3. Abeles, F. B., L. E. Craker, and G. R. Leather. 1971. Abscission 
The phytogerontological effects of ethylene. Plant Physiol. 
47: 7-9. 
4. Addicott, F. T. 1968. Environmental factors in the physiology 
of abscission. Plant Physiol. 43: 1471-1479. 
5. Addicott, F. T., and J. L. Lyon. 1973. Physiological ecology of 
abscission in T.T. Kozlowski ed. Shedding of plant parts. Academ 
ic Press, London. 
6. Attridge, T. H. 1976. Photocontrol of enzyme levels, in Smith 
ed. Light and plant development. Butterworths, London. 
7. Bangerth, F. 1978. The effect of a substituted amino acid on 
ethylene biosynthesis, respiration, ripening, and preharvest 
drop of apple fruits. J. Amer. Soc. Hort. Sci. 103: 401-404. 
^ iB. Beevers, L. B. Loveys, J. A. Pearson, and P. F. Wareing. 1970. 
Phytochrome and hormonal control of expansion and greening of 
etiolated wheat leaves. Planta 90: 286-294. 
9. Bidwell, R. G. S. 1974. Plant physiology. Macmillan Publishing 
Co., Inc. New York. 
10. Blanpeid, G. 1972. A study of ethylene in apple, rasberry, and 
cherry. Plant Physiol. 49: 627-630. 
11. Bottecelli, C., P. Kadkade, and J. Krugler. 1978. Abscission- 
the shedding of plant parts. GTE Profile. 
12. Briggs, W. R. 1963. Red light, aux.in relationships, and the 
phototropic responses of corn and oat coleoptiles. Amer. J. 
Bot. 50: 196-207. 
13. Chatterjee, S. K. and A. C. Leopold. 1964. Kinetin and gibber- 
ellin actions on abscission processes. Plant Physiol. 39: 
334-339. 
56 
57 
14. Cooke, R. J. and P. F. Saunders. 1975. Phytochrome mediated 
changes in extractable gibberellin activity in a cell free 
system from etiolated wheat leaves. Planta 123: 299-302. 
15. Craker, L. E. and F. B. Abeles. 1969. Abscission: Quantitative 
measurement with a recording abscissor. Plant Physiol. 44: 
1139-1143. 
16. Craker, L. E., A. V. Chadwick, and 6. R. Leather. 1970. Ab¬ 
scission: movement and conjugation of auxin. Plant Physiol. 
45: 790-793. 
17. Curtis, R. W. 1978. Participation of phytochrome in the light 
inhibition of malformin-induced abscission. Plant and Cell 
Physiol. 19: 289-297. 
18. Curtis, R. W. 1978. Phytochrome involvement in the induction 
of resistance to dark abscission by malformin. Planta 141: 
311-314. 
19. Davenport, T. L., P. W. Morgan, and W. R. Jordan. 1977. Auxin 
transport as related to leaf abscission during water stress 
in cotton. Plant Physiol. 59: 554-557. 
20. Dorffling, K. 1970. Quantitative veranderungendes abscisnsaure- 
qehaltes wahrend der fruchtentwicklung von Solanum lycopersicon 
L. Planta 93: 233-242. 
Engelsma, 6. 1965. The influence of light of different spectral 
regions on the synthesis of phenolic compounds in gerkin seed¬ 
lings in relation to photomorphogenesis. II. Indoleacetic 
acid oxidase activity and growth. Acta Bot. Neerl. 14: 73-93. 
22. Evans, A. and H. Smith. 1976. Localization of phytochrome in 
etioplasts and its regulation in vitro of gibberellin levels 
Proc. Nat. Acad. Sci. 73: 138-142. 
23. Fletcher, R. A. and S. Zalik. 1964. Effect of light quality 
growth and free lAA content in Phaseolus vulgaris. Plant 
Physiol. 39: 328-331. 
> 
24. Furuya, M. 1969. Phytochrome action in rice- Separation of 
photoreceptive site and growing zone in coleoptiles, and auxin 
transport as effector system. Dev. Growth Differ. 11: 62-76. 
25. Gardner, F. E., P. C. Marth, and L. P. Batjer. 1939. Spraying 
with plant growth substances to prevent apple fruit dropping. 
Science 90: 208-209. 
58 
Gardner, F. E., P. C. Marth, and L. P. Batjer. 
with plant growth substances for the control 
drop of apples. Proc. Amer. Soc. Hort. Sci. 
1940. Spraying 
of the pre-harvest 
37: 415-428. 
27. Goeshl, J. D., H. J. Pratt, and B. A. Bonner. 1967. An effect 
of light on the production of ethylene and the growth of the 
plumular portion of etiolated pea seedlings. Plant Physiol. 
42: 1077-1080. 
28. Greene, D. W., W. J. Lord, and W. J. Bramlage. 1977. Mid-summer 
applications of ethephon and daminoazide on apples. I. Effect 
on 'McIntosh'. J. Amer. Soc. Hort. Sci. 102: 491-494. 
29. Greene, D. W., L. E. Craker, P. G. Kadkade, and C. R. Bottecelli. 
1978. Personal communication. 
30. GTE Laboratories. 40 Sylvan Road, Waltham, Massachusetts. 
(@. Hall, J. L. and R. Sexton. 1974. Fine structure and cytochem¬ 
istry of the abscission zone cells of Phaseolus leaves. II. 
Localization of peroxidase and acid phosphatase in the separa¬ 
tion zone cells. Ann. Bot. 38: 855-858. 
32. Hall, W. C. and J. L. Liverman. 1956. Effect of radiation and 
growth regulators on leaf abscission in seedling cotton and bean. 
Plant Physiol. 31: 471-476. 
33. Hampp, R. and A. R. Wellburn. 1979. Control of mitochondrial 
activities by phytochrome during greening. Planta 147: 229-235. 
34. Hartmann, E. 1973. Phytochrome mediated responses in moss 
calculus tissue. II Oxygen metabolism and the influences of 
acetylcholine. Z. Pflanzenphysiol. 71: 349-365. 
Henry, E. W. 1979. Peroxidases in tobacco abscission zone tis¬ 
sue. VI. U1trastructural localization in plasmadesmata during 
ethylene induced abscission. Cytologia 44: 135-152. 
36. Hewett, E. W., and P. F. Wareing. 1973. Cytokinins in Populus 
X robusta (Schneid): Light effects on endogenous levels. 
Planta 114: 119-129. 
37. Hoffman, M. B. 1941. 
drop of 'McIntosh' 
97-98. 
Some results in controlling the pre-harvest 
apples. Proc. Amer. Soc. Hort. Sci. 38: 
Hunter, N. W., R. Hunter Jr., J. W. King, and A. V. Pinkney Jr. 
1956. Effects of light on the rate of respiration in the stem 
of Pi sum sativum L. Plant Physiol. 31: 167-169. 
38. 
59 
39. Imaseki, H., C. Pjon, and M. Furuya. 1971. Phytochrome action 
in Oryza sativa L. IV Red and far-red reversible effect on 
the production of ethylene in excised coleoptiles. Plant Phy¬ 
siol. 48: 241-244. 
40. Johnson, C. B. 1976. Rapid activation by phytochrome of nitrate 
reductase in the cotyledons of Sinapis alba. Planta 128: 127- 
131. 
41. Johnson, C. B. and H. Smith. 1978. Phytochrome control of amino 
acid synthesis in cotyledons of Sinapsis alba. Phytochemistry 
17: 667-670. 
42. Johnson, S. P., W. C. Hall, and J. L. Liverman. 1956. Growth and 
fruiting responses of intact tomato plants to far-red radiation. 
Physiologia Plantarum 9: 389-395. 
43. Jones, R. W. 1972. Nitrate reductase activity: phytochrome 
mediation of induction in etiolated peas. Nature 238: 221-222. 
44. Jones, R. W. and R. W. Sheard. 1975. Phytochrome, nitrate 
movement, and induction of nitrate reductase in etiolated pea 
terminal buds. Plant Physiol. 55: 954-959. 
45. Kadkade, P. G., C. R. Bottecelli, D. W. Greene, and L. E. Craker. 
1978. Personal communication. 
Kadkade, P. G. and C. R. Bottecelli. 1979. Photocontrol of 
abscission. I. Differential effects of light quality on 
selected plant systems. Hort. Science 14: 435. 
Kadkade, P. G., C. R. Bottecelli, D. W. Greene, and L. E. Craker. 
^ 1979. Photocontrol of abscission. 2. Preharvest drop of 
'McIntosh' apples. Hort. Science 14: 435. 
48. Kang, B. G. and P. M. Ray. 1969. Ethylene and carbon dioxide 
as mediators in the response of the bean hypocotyl to light and 
auxins. Planta 87: 206-216. 
49. Kang, B. G. and S. P. Burg. 1972. Relation of phytochrome en¬ 
hanced geotropic sensitivity to ethylene production. Plant 
Physiol. 50: 132-135. 
50. Kang, B. G. and S. P. Burg. 1973. Role of ethylene in phyto- 
chrome-induced anthocyanin synthesis. Planta 110: 227-235. 
51. Kasperbauer, M. J., T. C. Tso, and T. P. Sorokin. 1970. Effects 
of end-of-day red and far-red radiation on free sugars, organic 
acids and amino acids of tobacco. Phytochemistry 9: 2091-2095. 
60 
52. Klein, W. H., L. Price, and K. Mitrakos. 1963. Light stimulated 
starch degradation in plastids and leaf morphogenesis. Photo- 
chem. Photobiol. 2: 233-240. 
53. Kohler, D. 1966. Die abhangigkeit der gibberel1inproduktion 
von normalerbsen von phytochrom-system. Planta 69: 27-33. 
54. Kozlowski, T. T. 1973. Extent and significance of shedding of 
plant parts in T. T. Kowlowski ed. Shedding of plant parts. 
Academic Press, London. 
55. Leopold, A. C. 1971. Physiological processes involved in ab- 
cission. Hort. Science 6: 376-378. 
56. Loveys, B. R. 1979. The influence of light quality on levels 
of abscisic acid in tomato plants, and evidence for a novel 
abscisic acid metabolite. Physiol. Plant. 46: 79-84. 
57. Lu, C. S. and R. H. Roberts. 1952. Effect of temperature upon 
the setting of 'Delicious' apples. Proc. Amer. Soc. Hort. Sci. 
59: 177-181. 
58. MacDaniels, L. H. 1936. Some anatomical aspects of apple flower 
and fruit abscission. Proc. Amer. Soc. Hort. Sci. 34: 122-129. 
59. Mitrakos, K., W. H. Klein, and L. Price. 1965. Soluble sugar 
changes in etiolated corn leaf tissue as influenced by red 
light treatment. Planta 66: 207-215. 
{^. Mitrakos, K. and G. Mantouvalalos. 1972. In vivo glucose under 
activated and non-activated phytochrome. Z. Pflanzenphysiol. 
67: 97-104. 
Mitrakos, K. and N. Margaris. 1974. Phytochrome effect on free 
amino acid metabolism of higher plants. Planta 116: 17-25. 
62. McCown, M. 1943. Anatomical and chemical aspects of abscission 
of fruits of the apple. Bot. Gaz. 105: 212-220. 
63. Morgan, P. W., W. R. Jordan, T. L. Davenport, and J. T. Durham. 
1977. Abscission responses to moisture stress, auxin transport 
inhibitors, and ethephon. Plant Physiol. 59: 710-712. 
64. Muir, R. M. and K. C. Chang. 1974. Effect of red light on coleop- 
tile growth. Plant Physiol. 54: 286-288. 
65. Murphy, L. M. 1942. Further studies with preharvest sprayed 
'McIntosh' apples. Proc. Amer. Soc. Hort. Soc. 40: 42-43. 
61 
66. Ohkuma, K., J. L. Lyon, F. T. Addicott, and 0. E. Smith. 1963. 
Abscisin II, an abscission-accelerating substance from young 
cotton fruit. Science 142: 1592-1593. 
67. Osborne, D. J. 1958. Changes in the distribution of pectin 
methyl esterase across leaf abscission zones of Phaseolus vul- 
garis. J. Exp. Bot. 9: 446-457. 
68. Osborne, D. J. 1973. Internal factors regulating abscission. 
in T. T. Kozlowski ed. Shedding of plant parts. Academic Press, 
London. 
69. Overholser, E. L., F. L. Overly, and D. F. A1Imendinger. 1943. 
Three-year study of preharvest sprays in Washington. Proc. 
Amer. Soc. Hort. Sci. 42: 211-219. 
70. Pecket, R. C. and F. Al-Charchafchi. 1979. The photocontrol 
of respiration in light sensitive lettuce seeds. J. Exp. Bot. 
30: 839-842. 
7). Penel, C. and H. Greppin. 1979. Effect of far-red and red light 
on a pelletable peroxidase activity in extracts from spinach 
leaves. Physiol. Plant. 46: 208-210. 
72. Rail ton, I. D. and P. F. Wareing. 1973. Effects of daylength on 
endogenous gibberellins in Solanum andigena. III. Gibberellin 
production by the leaves. Physiol. Plant. 29: 430-433. 
73. Rasmussen, H. P. and M. J. Bukovac. 1965. Some chemical and 
physiological changes associated with abscission. Plant 
Physiol. 40: XXVI. 
74. Reid, D. M., J. B. Clements, D. J. Carr. 1968. Red light in¬ 
duction of gibberellin synthesis in leaves. Nature 217: 580-582. 
Reid, D. M., M. S. Tuing, R. C. Durley, and I. D. Railton. 1972. 
Red-light-enhanced conversion of tritiated gibberellin Ag into 
other gibberellin-like substances in homogenates of 
etiolated barley leaves. Planta 108: 67-75. 
76. Rubenstein, B. 1971. Auxin and red light in the control of hypo- 
cotyl hook opening in beans. Plant Physiol. 48: 187-192. 
77. Schopfer, P. 1977. Phytochrome control of enzymes. Ann. Rev. 
Plant Physiol. 
78. Sexton, R. and J. L. Hall. 1974. Fine structure and cytochem¬ 
istry of the abscission zone cells of Phaseolus leaves. I. 
U1trastructural changes occurring during abscission. Ann. Bot. 
38: 849-854. 
62 
80. 
81. 
82. 
83. 
84. 
86. 
87. 
88. 
89. 
90. 
91. 
Sharma, R., S. K. Sopory, and S. Guha-Mukherjee. 1979. Phyto¬ 
chrome regulation of peroxidase activity in maize. III. Age 
dependence and subcellular localization. Z. Pflanzenphysiol. 
94: 371-375. 
Southwick, L. 1942. Further studies on the control of prehar¬ 
vest drop of 'McIntosh'. Proc. Amer. Soc. Hort. Sci. 40: 39-41. 
Subhadrabandhu, S., F. G. Dennis Jr., and M. W. Adams. 1978. 
Abscission of flowers and fruits in Phaseolus vulgaris L. II. 
The relationship between pod abscission and endogenous absisic, 
phaseic, and hydrophaseic acids in pedicels and pods. J. Amer. 
Soc. Hort. Sci. 103: 565-567. 
Suzuki, T., N. Kondo, and T. Fujii. 1979. Distribution of growth 
regulators in relation to the light-induced geotropic respon¬ 
siveness in Zea roots. Planta 145: 323-329. 
Thimann, K. V. 1977. Hormone action in the whole life of plants. 
University of Massachusetts Press, Amherst. 
Valdovinos,.J.G. and R. M. Muir. 1965. Effects of D and L amino 
acids of foliar abscission. Plant Physiol. 40: 335-340. 
Van Lelyveld, L. J. 1978. Peroxidase activity and isozymes in 
abscised and normal mango (Mangifera indica L.) fruits. 
Z. Pflanzenphysiol. 89: 453-456. 
Van Staden, J. and P. F. Wareing. 1972. The effect of light on 
endogenous cytokinin levels in seeds of Rumex obtusifolius. 
Planta 104: 126-133. 
Vince-Prue, D. 1976. Phytochrome and photoperiodism. in H. 
Smith ed. Light and plant development. Butterworths, London. 
Walsh, C. S. 1977. The relationship between endogenous ethylene 
and abscission of mature apple fruits. J. Amer. Soc. Hort. 
Sci. 102: 615-619. 
Wareing, P. F., and A. G. Thompson. 1976. Rapid effects of red 
light on hormone levels, in H. Smith ed. Light and plant 
development. Butterworths, London. 
Westwood, M. N. 1978. Temperate zone pomology. W. H. Freeman 
and Company, San Francisco. 
Whitelam, G. C., C. B. Johnson, and H. Smith. 1979. The control 
by phytochroiije of nitrate reductase in the curd of light-grown 
cauliflower. Photochem. Photobiol. 30: 589-594. 
63 
92. Williams, M. W. 1979. Chemical thinning of apples, in J. Janick 
ed. Horticultural review vol 1. A.V.I. Publishing Co., Inc. 
Westport. 
93. Williams, M. W. and D. S. Letham. 1969. Effect of gibberellins 
and cytokinins on development of parthenocarpic apples. Hort. 
Science 4: 215-216. 
94. Wright, M. and D. J. Osborne. 1974. Abscission in Phaseolus 
vulgaris. The positional differentiation and ethylene induced 
expansion growth of specialized cells. Planta 120: 163-170. 
95. Yunghans, H. and M. J. Jaffee. 1972. Rapid respiration changes 
due to red light or acetylcholine during the early events of 
phytochrome-mediated photomorphogenesis. Plant Physiol. 49: 
1-7. 
96. Zucker, M. 1972. Light and enzymes. Ann. Rev. Plant Physiol. 
23: 133-156. 


